Jpn J Anim Reprod 34, 204-208, 1988 A combined treatment with progesterone and pregnant mare's serum gonadotropin (PMSG) is a conventional and effective method for induction of out-of-seasonal breeding of sheep (Roberts, 1966; Betts et al., 1969; Gordon, 1971; Fukui et al., 1985 Fukui et al., , 1986 Fukui et al., , 1987 . On the other hand, an alternative method of considerable value in achieving practical estrous synchronization during the late anestrous season is an introduction of rams to the ewe flock shortly before the ewes are expected to commence their breeding season. This physiological phenomenon is called 'ram effect ' (Underwood et al., 1944; Schinckel, 1954) . The 'ram effect' was shown to induce preovulatory surge release of luteinizing hormone (LH) in anestrous ewes usually within 48 h (Oldham et al., 1978; Poindron et al., 1980) of ram introduction. Following ovulation takes place 2-6 days after ram introduction, but usually estrus is not accompanied (Schinckel, 1954; Edgar and Bilkey, 1963; Oldham et al., 1978) and corpora lutea (CL) produced by the stimulation of ram introduction is usually of a short life-span, 5-7 days (Oldham and Martin, 1978; Pearce and Oldham, 1984) . A fertile estrus accompanied by ovulation occurs 15-22 days after ram introduction (Edgar and Bilkey, 1963; Lindsay et al., 1982; Martin and Scaramuzzi, 1983; Pearce and Oldham, 1984) . To maintain the function of CL, progesterone pretreatments immediately or 5-12 days before ram introduction was examined (Lindsay et al., 1982; Pearce and Oldham, 1984; Oldham et al., 1985) and it was found that the CL function lasted for the period of a normal estrous cycle.
The aims of the present study were to evaluate the efficacy of 'ram effect' combined with progesterone pre-treatment as a practical means for induction of out-of-seasonal breeding in Suffolk ewes as compared with the conventional method of progesterone-impregnated vaginal sponge and PMSG, which has been reported previously (Fukui et al., 1985 (Fukui et al., , 1986 (Fukui et al., , 1987 an abdominal apron. The ratio of ram : ewes was 1:7 or 1:8 in each mating group, and they were observed for the inspection of estrous behavior twice a day for 2 weeks (15-28 days after ram introduction).
The ewes crayon-marked by the rams during the period were judged as in estrus and mated. Lambing rates and prolificacy were recorded.
Trial 2. One hundred and four ewes were divided into three groups and treated in June 26th as follows; Group I (32 ewes): an intramuscular injection of 20 mg progesterone Ovapronoil) and 'ram effect' (the same as Group I in Trial 1), Group II (30 ewes): 500 mg progesteroneimpregnated vaginal sponge (Fukui et al., 1987) for 12 days and 'ram effect', and Group III (42 ewes): the progesterone-impregnated vaginal sponge for 12 days and 600 IU PMSG the day before sponge removal. After ram introduction, the ewes of Groups I and II were kept separately from the ewes of Groups III, and estrous behavior was observed as in Trial 1. For natural mating using five rams, the ratio of ram : ewe was 1:21 in each mating group.
Data of proportions of estrous and lambing ewes were analysed by chi-square test. In the case that the number of ewes were less than 5, the data were analysed by Fisher's direct test. Data of prolificacy were analysed by Student's t-test.
Results
Trial 1. As shown in Table 1 , 6 out of the 11 ewes (54.5%) and one of the 10 ewes (10.0%) in Groups I and II respectively showed estrus during the period of 2 weeks after ram introduction. The proportions between the two groups were significantly (P<0.05) different. The proportions of estrous ewes between 15 and 28 days after the introduction of rams were similar (60.0-63.6%) in all groups without significant differences. Lambing was observed in the period between December 3rd and 24th, 1985 in all treated groups. Both lambing rates and prolificacy were not significantly different among the groups.
Trial 2. As shown in Table 2 , proportions of estrous ewes during the period of 2 weeks after ram introduction were 71.9 and 13.3% for groups I and II (P<0.01), respectively. Between 15 and 28 days after ram introduction, 12 out of the 32 ewes (37.5%) and 15 out of the 27 ewes (55.6%) for Groups I and II, respectively, were naturally mated by the rams. The proportion of mated ewes were not significantly different. On the other hand, 85.4% of the 41 ewes treated with progesterone sponge and PMSG showed estrus within 3 days after sponge removal. The estrus was highly (P<0.01) synchronized when it was compared with those teased by the rams (Groups I and II, Table 2 ). Lambing rates (proportion of lambing ewes to those manifested estrus) were 66.7, 40.0 and 71.4% for Groups I to III, respectively, which were not significantly different. However, when compared lambing rates against the numbers of treated ewes, Group III (61.0%) showed a significantly (P<0.01) higher rate of lambing than those of Groups I and II (25.0 and 22.2%, respectively). Prolificacy of ewes treated with progesterone sponge and PMSG tended to be higher than those in ewes treated with 'ram Table 1 . Effects of a progesterone pre-treatment before ram introduction or a synthetic Gn-RH injection (Trial 1) 
Discussion
In consistent with earlier reports on 'ram effect ' (Lindsay et al., 1982; Pearce and Oldham, 1984; Oldham et al., 1985) , present results showed that the proportions of estrous ewes were larger in the progesterone pre-treated group during the first 2 weeks of ram introduction in Suffolk ewes. Furthermore present findings that lambing rates between the ewes teased by the rams and treated with Gn-RH were similar, indicate that a single injection of 100 jug Gn-RH can be replaced to the `ram effect' .
A line of evidence suggests that 'ram effect' is not always adequate for the induction of ovulation. There are differences for the effect of `ram effect' i n the depth of anestrus' in the ewe flock (Pearce and Oldham, 1984) , breeds of ewes (Lindsay and Signoret, 1980) and ages of ewes (Murtagh et al., 1984) . Ovulation should have occured in ewes after ram introduction in the present study because the 'ram effect' was similar in effect with Gn-RH injection at a dose which should have produced CL. Thus, the failure of lambing in some ewes might be attributed to that the produced CL had short life-span and was inadequate in function. Therefore, in order to maintain the normal CL function, pre-treatment with progesterone (Lindsay et al., 1982; Pearce and Oldham, 1984; Oldham et al., 1985) , PMSG or estradiol may be required. The present study on PMSG in combination with progesterone sponge provied the evidence, though indirect, that PMSG injection could improve the occurrence of normal functional CL. Following these treatment the lambing rate increased significantly.
The findings that the proportions of estrous ewes and lambing rates in the ewes treated with `ram effect' were significantly lower than in those with progesterone sponge and PMSG in Trial 2 but not in Trial 1 support the idea that the ratio of ram : ewes should be important factor influencing the fertility of ewes, especially for out-of-seasonal breeding when their estrus are hormonally synchronized (Fukui et al., 1985 (Fukui et al., , 1986 . A greater ratio of ram : ewes (1:21) in Trial 2 than that in Trial 1 (1:7 or 1:8) might have affected on the fertility of the ewe. Using the 'ram effect', the present study indicates that the breeding season of Suffolk ewes can be advanced about two months earlier than the normal breeding scheme.
In conclusion, 'ram effect' combined with progesterone pre-treatment was useful for estrus induction at the late anestrous season. A single injection of a synthetic Gn-RH was effective and can be replaced to 'ram effect'. However, as compared with the conventional method (progesterone sponge + PMSG) for out-of-seasonal breeding, the effect of 'ram effect' was low in estrus induction and lambing rate. 
